Theory of Quantum Gravity Beyond Einstein and Space-time Dynamics with
  Quantum Inflation by Wu, Yue-Liang
ar
X
iv
:1
51
0.
04
72
0v
1 
 [h
ep
-th
]  
15
 O
ct 
20
15
Theory of Quantum Gravity Beyond Einstein and
Space-time Dynamics with Quantum Inflation∗
Yue-Liang Wu
State Key Laboratory of Theoretical Physics(SKLTP),
Kavli Institute for Theoretical Physics China (KITPC)
Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing, 100190, China
International Centre for Theoretical Physics Asia-Pacific (ICTP-AP)
University of Chinese Academy of Sciences (UCAS)
∗ This article is based on the invited talk presented at the International Conference on Gravitation and
Cosmology/the fourth Galileo-Xu Guangqi Meeting and the recent progresses made in ref.[1] .
1
Abstract
In this talk, I present a theory of quantum gravity beyond Einstein. The theory is established
based on spinnic and scaling gauge symmetries by treating the gravitational force on the same
footing as the electroweak and strong forces. A bi-frame space-time is initiated to describe the laws
of nature. One frame space-time is a globally flat coordinate Minkowski space-time that acts as an
inertial reference frame for the motions of fields, the other is a locally flat non-coordinate Gravifield
space-time that functions as an interaction representation frame for the degrees of freedom of
fields. The Gravifield is sided on both the globally flat coordinate space-time and locally flat non-
coordinate space-time and characterizes the gravitational force. Instead of the principle of general
coordinate invariance in Einstein theory of general relativity, some underlying principles with the
postulates of coordinate independence and gauge invariance are motivated to establish the theory
of quantum gravity. When transmuting the Gravifield basis into the coordinate basis in Minkowski
space-time, it enables us to obtain equations of motion for all quantum fields and derive basic
conservation laws for all symmetries. The gravity equation is found to be governed by the total
energy-momentum tensor defined in the flat Minkowski space-time. When the spinnic and scaling
gauge symmetries are broken down to a background structure that possesses the global Lorentz and
scaling symmetries, we arrive at a Lorentz invariant and conformally flat background Gravifield
space-time that is characterized by a cosmic vector with a non-zero cosmological mass scale. We
also obtain the massless graviton and massive spinnon. The resulting universe is in general not
isotropic in terms of conformal proper time and turns out to be inflationary in light of cosmic proper
time. The conformal size of the universe has a singular at the cosmological horizon to which the
cosmic proper time must be infinitely large. We show a mechanism for quantum inflation caused by
the quantum loop contributions. The Gravifield behaves as a Goldstone-like field that transmutes
the local spinnic gauge symmetry into the global Lorentz symmetry, which makes the spinnic gauge
field becomes a hidden gauge field. As a consequence, the bosonic gravitational interactions can be
described by the Goldstone-like Gravimetric field and space-time gauge field. The Einstein theory
of general relativity is expected to be an effective low energy theory. Two types of gravity equation
are resulted, one is the extension to Einstein’s equation of general relativity, and the other is a new
type of gravitational equation that characterizes the spinnon dynamics.
PACS numbers: 04.60.-m, 11.15.-q, 04.90.+e
I. INTRODUCTION
One hundred years ago, when Einstein proposed the theory of general relativity as a
natural extension of special relativity, its foundation was based on the postulate: the laws of
physics must be of such a nature that they apply to system of reference in any kind of motion.
Namely, the physical laws of nature are to be expressed by equations which hold good for all
systems of coordinates[2]. Such a postulate leads the gravitational force to be characterized
by a Riemann geometry in a curved space-time. Namely the gravitational force lies in
the dynamic of metric field gµν(x) in Riemannian geometry of curved space-time. Thus
the physical laws, in the theory of general relativity, are invariant under the general linear
transformations of local GL(4,R) symmetry, which indicates that space and time cannot be
well defined in such a way that the differences of the spacial coordinates or time coordinates
can be directly measured by the standard ways proposed in special relativity.
On the other hand, the relativistic quantum field theory(QFT) has successfully unified the
quantum mechanics and special relativity and provided a remarkable theoretical framework
to describe the microscopic world. The three basic forces, i.e., electromagnetic, week and
strong interactions, have successfully been described by the so-called standard mode (SM)
of gauge interactions, which was established based on the gauge symmetries[3] of quarks
and leptons within the framework of QFT[4–13] in the flat Minkowski space-time. The
SM has been tested by more and more precise experiments, the advent of the SM-like Higgs
boson at the LHC [14, 15] motivates us to study more fundamental theory including quantum
gravity. Einstein theory of general relativity[2] as the theory of gravity has well been applied
to describe the macroscopic world. The gravitational force is characterized as the dynamics
of a metric in the curved Riemannian space-time, which is in contrast to three basic forces
of gauge interactions. Such an odd dichotomy becomes the obstacle for a unified description
of gravity with three basic forces governed by gauge symmetries, and causes the difficulty
for the quantization of gravitational force. It is believed that a QFT description for the
gravitational force is crucial to understand the origin of universe, such as the singularity
and inflation of early universe[16–18](for a recent review, see,e.g. Ref.[19], and reference
there in).
To make a significant simplification for the equations of motion, it was emphasized by
Einstein in his original paper that: “if − det gµν (determinant of metric in curved coordinate
space-time) is always finite and positive, it is natural to settle the choice of coordinates
a posteriori in such a way that this quantity is always equal to unity.” “Thus, with this
choice of coordinates, only substitutions for which the determinant is unity are permissible.
” “But it would be erroneous to believe that this step indicates a partial abandonment of
the general postulate of relativity. We do not ask : what are the laws of nature which are
covariant in face of all substitutions for which the determinant is unity? but our question
is: what are the general covariant laws of nature? ” Alternatively, we shall make a sensible
principle for the gravitational interaction within the framework of QFT and do ask what are
the laws of nature which are covariant in face of all substitutions for which the determinant
is unity.
The symmetry principle is the well established principle, which states that the basic forces
of elementary particles are governed by gauge symmetries and characterized by quantum
fields defined in the flat Minkowski space-time of coordinates. Thus we shall treat the
gravitational force on the same footing as the electroweak and strong forces and introduce
relevant gauge symmetries to characterize the gravitational interaction. As all symmetry
groups in the SM are related to the intrinsic quantum numbers of quarks and leptons. The
relevant gauge symmetry for the gravitational force is thought to correlate with the spinnic
Lorentz symmetry group SO(1,3)∼= SP(1,3) of quarks and leptons, which should distinguish
from the global Lorentz symmetry group SO(1,3) of coordinates in the Minkowski space-
time. The notations SP(1,3) and SO(1,3) are used to make such a distinction. Some early
papers and review articles on gauge theories of gravity may be found in [20–27].
In the present consideration, the QFT description of all basic forces including gravity
must obey, in addition to the well established principles for the special relativity and quan-
tum mechanics, some underlying principles alternative to the Einstein’s general coordinate
invariance. Such a theory of quantum gravity is based on the postulates/principles: (i) a
bi-frame space-time is needed to describe the laws of nature. One frame space-time is a
globally flat coordinate Minkowski space-time that acts as an inertial reference frame for
the motions of fields, the other is a locally flat non-coordinate Gravifield space-time that
functions as an interaction representation frame for the degrees of freedom of fields; (ii)
the kinematics of all fields obeys the principles of special relativity and quantum mechan-
ics; (iii) the dynamics of all fields is characterized by basic interactions governed by gauge
symmetries; (iv) the theory must be invariant under the local spinnic and scaling gauge
transformations for fields as well as under the global Lorentz and scaling transformations
for coordinates in Minkowski space-time; (v) a gauge invariant theory must be expressed in
a coordinate-independent form in Gravifield space-time.
II. SPINNIC AND SCALING GAUGE SYMMETRIES FOR GRAVITY THEORY
Quarks and leptons as the basic building blocks of nature in the SM carry out the intrinsic
quantum numbers of electric charges, isospin charges and color charges. These intrinsic
quantum numbers of charges are correlated through gauge symmetries U(1)Y x SU(2)L x
SU(3)c. It is those symmetries that govern three basic forces, electromagnetic, week and
strong interactions, respectively. All quarks and leptons as fermionic quantum fields Ψ(x)
are known to carry out spinnic quantum numbers. Within the framework of QFT, the
Lorentz invariance of theory under the global Lorentz transformation of coordinates with
the symmetry group SO(1,3) requires the spinnic quantum numbers of quarks and leptons
to be correlated through the spinnic Lorentz symmetry group SP(1,3) ∼= SO(1,3).
In establishing a gauge theory of gravitational interaction, motivated from the gauge
symmetries U(1)Y x SU(2)L x SU(3)c for the basic forces of electromagnetic, weak and strong
interactions, it is natural to gauge the spinnic symmetry SP(1,3) of quarks and leptons. So
that the gauge symmetry SP(1,3) governs a basic force of spinnic gauge interaction. In
analogous to the introduction of gauge fields Aµ(x) for gauge symmetries U(1)Y x SU(2)L
x SU(3)c, the corresponding spinnic gauge field and field strength for the gauge symmetry
SP(1,3) are introduced
Ωµ(x) = gs Ω
ab
µ (x)
1
2
Σab , Σ
ab =
i
4
[γa, γb]
Rµν(x) = ∂µΩν(x)− ∂νΩµ(x)− i[Ωµ(x),Ων(x)] = gsRabµν(x)
1
2
Σab , (1)
with gs the coupling constant and Σ
ab the generators of spinnic group SP(1,3) in the spinor
representation,
[Σab,Σcd] = i(Σadηbc − Σbdηac − Σacηbd + Σbcηad),
[Σab, γc] = i(γaηbc − γbηac). (2)
To ensure the theory be invariant under both the spinnic gauge transformation for quan-
tum fields and global Lorentz transformation for coordinates, it is a necessity to introduce a
bi-covariant vector field χˆ µa (x) sided on a locally flat non-coordinate space-time and valued
in a vector representation of Lorentz group SO(1,3) in the flat Minkowski space-time, so
that we are able to define the Lorentz invariant derivative
χˆa = χˆ
µ
a (x)∂µ = ηµν χˆ
µ
a (x)∂
ν , (3)
For illustration, let us construct a gauge invariant action for Dirac fermions which can
be quarks and leptons. The action is supposed to be invariant under the local spinnic
gauge transformations for the quantum fields, and also under the global Lorentz and scaling
transformations for the coordinates
SF =
∫
d4x χ(x)
1
2
{Ψ¯(x)χˆµ(x)iDµΨ(x) +H.c.} (4)
where the covariant derivative for the usual internal gauge and spinnic gauge symmetries is
given by
iDµ = i∂µ +Aµ(x) + Ωµ(x) = iDµ + Ωµ(x) , iDµ = i∂µ +Aµ(x) , (5)
and the bi-covariant vector field χˆ µa (x) is a necessary ingredient
χˆµ(x)iDµ ≡ 1
2
γaχˆ µa (x)iDµ =
1
2
γaη
abχˆbν(x)η
µνiDµ , (6)
so that the above action becomes invariant under the usual internal and spinnic gauge
transformations as well as under the global Lorentz and scaling transformations in the flat
Minkowski space-time. It is easy to show that the Hermiticity of the action automatically
ensures the invariance under the scaling gauge transformation.
The quantum fields Ψn(x) (n = 1, 2, · · · ) denote Dirac fermions, such as quarks and
leptons in SM. Aµ(x) = gAAIµ(x)T I (I = 1, 2, · · · ) with gA the coupling constant represent
gauge fields with T I the generators of symmetry group G which can be G=U(1)Y x SU(2)L
x SU(3)c in SM. The generators satisfy the group algebra [T
I , T J ] = if IJKTK with the trace
normalization trT IT J = 1
2
δIJ . The Greek alphabet (µ, ν = 0, 1, 2, 3) and Latin alphabet
(a, b,= 0, 1, 2, 3) are adopted to distinguish four-vector indices in coordinate space-time and
non-coordinate space-time, respectively. Both the Geek and Latin indices are raised and
lowered by the constant metric matrices, i.e., ηµν and ηab with the signature −2, ηµν or
ηµν = diag.(1,−1,−1,−1) and ηab or ηab = diag.(1,−1,−1,−1). The system of units is
chosen such that c = ~ = 1.
Explicitly, the action can be shown to be invariant under the internal gauge transforma-
tion g(x) ∈ G,
Aµ(x)→ A′µ(x) = g(x)Aµ(x)g†(x) + g(x)i∂µg†(x) ,
Ψ(x)→ Ψ′(x) = g(x)Ψ(x) (7)
and the spinnic gauge transformation S(x) = eiαab(x)Σ
ab/2 ∈ SP(1,3),
Ωµ(x)→ Ω′µ(x) = S(x)Ωµ(x)S−1(x) + S(x)i∂µS−1(x),
Ψ(x)→ Ψ′(x) = S(x)Ψ(x) , S(x)γaS−1(x) = Λa b(x) γb . (8)
as well as under a local scaling gauge transformation
Ψ(x)→ Ψ′(x) = ξ3/2(x)Ψ(x) . (9)
While the internal gauge fields Aµ(x) and spinnic gauge field Ωµ(x) are unchanged in the
local scaling gauge transformation. The bi-covariant vector field χˆ µa (x) transforms as
χˆ µa (x)→ χˆ
′ µ
a (x) = Λ
b
a (x)χˆ
µ
b (x) ,
χˆ µa (x)→ χˆ
′ µ
a (x) = ξ(x)χˆ
µ
a (x) , (10)
under the local spinnic and scaling gauge transformations, respectively.
Under the global Lorentz and scaling transformations, the gauge fields, bi-covariant vector
field and Dirac fermions transform in the vector and spinor representations of Lorentz group
in the flat Minkowski space-time,
xµ → x′µ = Lµ ν xν , Aµ(x)→ A′µ(x′) = L νµ Aν(x) , χˆ µa (x)→ χˆ
′ µ
a (x
′) = Lµ ν χˆ
ν
a (x) ,
xµ → x′µ = λ−1 xµ, Aµ(x)→ A′µ(x′) = λ Aµ(x), Ψ(x)→ Ψ′(x′) = λ3/2 Ψ(x),
Ωµ(x)→ Ω′µ(x′) = λ Ωµ(x) , χˆ µa (x)→ χˆ
′ µ
a (x
′) = χˆ µa (x) . (11)
The transformations satisfy the orthogonal conditions
Λ ba (x)Λ
d
c (x)η
ac = ηbd , Λ ba (x) ∈ SP (1, 3) ,
Lµ νL
ρ
σηµρ = ηνσ , L
µ
ν ∈ SO(1, 3) . (12)
Let us introduce a bi-covariant vector field χ aµ (x) which is dual to χˆ
µ
a (x) with the
following orthonormal conditions
χ aµ χˆ
ν
a (x) = χµa(x)χˆ
ν
b (x)η
ab = η νµ , χˆ
µ
b (x)χ
a
µ (x) = χˆa µ(x)χ
b
ν (x)η
µν = η ba . (13)
which holds as long as the determinant of χˆ µa (x) is nonzero, namely
detχ aµ (x) ≡ χ(x) =
1
det χˆ µa (x)
≡ 1
χˆ(x)
, χˆ(x) ≡ det χˆ µa (x) 6= 0 . (14)
The bi-covariant vector field χ aµ (x) transforms as
χ aµ (x)→ χ
′ a
µ (x) = Λ
a
b(x)χ
b
µ (x) ,
χ aµ (x)→ χ
′ a
µ (x) = ξ
−1(x)χ aµ (x) (15)
under the local spinnic and scaling gauge transformations, respectively, and
χ aµ (x)→ χ
′ a
µ (x
′) = L νµ χ
a
ν (x
′) , xµ → x′µ = Lµ ν xν ,
χ aµ (x)→ χ
′ a
µ (x
′) = χ aµ (x
′) , xµ → x′µ = λ−1 xµ , (16)
under the global Lorentz and scaling transformations, respectively.
χ aµ (x) can be regarded as a bi-covariant vector field sided on the globally flat Minkowski
space-time and valued in the vector representation of SP(1,3) in the locally flat non-
coordinate space-time,
χµ = χ
a
µ (x)
1
2
γa . (17)
We would like to address that the bi-covariant vector field χ aµ (x) or dual bi-covariant vector
field χˆ µa (x) transforms in a covariant form on both the globally flat Minkowski space-time
of coordinates and the locally flat non-coordinate space-time, which is introduced to distin-
guish from the so-called tetrad denoted usually by eaµ(x) that is required to be a general
covariant vector field under the general coordinate transformations in Einstein theory of
general relativity. The bi-covariant vector field χ aµ (x) constitutes a basis for the locally
flat non-coordinate space-time and becomes a basic gravitational field in the globally flat
Minkowski space-time of coordinates.
In general, when extending the global scaling symmetry of quantum fields to be a local
scaling gauge symmetry, but keeping a global scaling symmetry of coordinates, we shall
introduce the Weyl gauge field[28] Wµ(x) which governs a basic force of scaling gauge inter-
action and transforms under the local scaling gauge transformation as follows
Wµ(x)→W ′µ(x) =Wµ(x) + g−1w ∂µ ln ξ(x) . (18)
As the local scaling transformation is an Abelian gauge symmetry, the field strength is
simply given by
Wµν = ∂µWν − ∂νWµ . (19)
III. THEORY OF QUANTUM GRAVITY WITH POSTULATES OF GAUGE IN-
VARIANCE AND COORDINATE INDEPENDENCE
As the bi-covariant vector field χaµ(x) or its inverse χˆ
µ
a (x) is an essential ingredient
for introducing both the local spinnic and scaling gauge transformations of fermion fields
and the global Lorentz and scaling transformations of coordinates. It will be shown that the
bi-covariant vector field χaµ(x) is a basic field in characterizing the gravitational interactions.
A. Gravifield Space-time as a Locally Flat Non-coordinate Space-time
The bi-covariant vector field χˆ µa (x) allows us to define a non-coordinate basis in terms of
the basis of coordinate space-time. Let us consider the following vector field valued in the
Dirac γ-matrix basis {γa/2}
1
2
γa χˆ µa (x)∂µ =
1
2
γa χˆa = χˆ
µ∂µ , (20)
with
χˆa = χˆ
µ
a (x)∂µ , χˆ
µ =
1
2
γaχˆ µa (x) , (21)
where the derivative operator ∂µ ≡ ∂/∂xµ is known to consist of a coordinate basis {∂µ} ≡
{∂/∂xµ} in the globally flat Minkowski space-time. Thus the vector field χˆa forms a basis
{χˆa} for the locally flat non-coordinate space-time.
In the coordinate basis, a dual basis {dxµ} is defined as
< dxν , ∂/∂xµ >=
∂xν
∂xµ
= η νµ . (22)
The bi-covariant vector field χ aµ (x) dual to χˆ
µ
a (x) enables us to define a dual non-coordinate
basis in terms of the dual coordinate basis {dxµ}. Consider the following vector field with
valued in the Dirac γ-matrix basis {γa/2}
1
2
γa χ
a
µ (x)dx
µ =
1
2
γa χ
a(x) = χµ(x)dx
µ ,
χ a = χ aµ (x)dx
µ , χµ = χ
a
µ (x)
1
2
γa . (23)
Thus the vector field χ a defines a dual basis {χ a} for the locally flat non-coordinate space-
time,
< χ b, χˆa >= χ
b
ν (x)χˆ
µ
a (x) < dx
ν , ∂µ >= χ
b
ν (x)χˆ
µ
a (x)η
ν
µ = η
b
a . (24)
It is easily shown that the non-coordinate basis χˆa does not commute, its commutation
relation is given by
[χˆa, χˆb] = χ
c
ab χˆc, χ
c
ab ≡ −χˆ µa χˆ νb χcµν ; χcµν = ∂µχ cν − ∂νχ cµ (25)
which indicates that the locally flat non-coordinate space-time is in general associated with
a non-commutative geometry. Where the gauge-type field tensor χcµν shall reflect the gravi-
tational field strength.
It is then interesting to regard χ a(x) as an one-form vector in the flat Minkowski space-
time, which motivates us to define a gauge-type potential field of gravity
Gµ(x) ≡ χ aµ
1
2
γa , G = −iGµdxµ . (26)
We may refer such a gravitational bi-covariant vector field χ aµ (x) or χˆ
a
µ (x) as Gravifield
for short. The non-coordinate bases {χa} and {χˆa} are called as Gravifield bases, and the
locally flat non-coordinate space-time spanned by the Gravifield basis {χa(x)} is mentioned
as Gravifield space-time.
B. Gauge Theory of Quantum Gravity with Coordinate Independence
In the locally flat Gravifield space-time, let us introduce a coordinate-independent exterior
differential operator in terms of the Gravifield bases χa and χˆa,
dχ = χ
a ∧ χˆa , (27)
which allows us to define coordinate-independent exterior differential forms in the locally
flat Gravifield space-time. Thus, the gauge potential and field strength can be expressed as
the one-form and two-form,
Ω = −iΩa χa , R = dχΩ+ Ω ∧ Ω = 1
2i
Rab χa ∧ χb . (28)
Here Ωa and Rab are the spinnic gauge potential and field strength sided on the locally flat
Gravifield space-time. Transmuting to the coordinate basis, Ωa and Rab are correlated to
the spinnic gauge potential Ωµ and field strength Rµν in the flat Minkowski space-time as
follows
Ωa = χˆ
µ
a Ωµ , Rab = χˆ µa χˆ νb Rµν . (29)
Similarly, we have for the internal gauge field and Weyl gauge field,
A = −iAa χa , F = dχA+A ∧A = 1
2i
Fab χa ∧ χb ,
W = −iWa χa , W = dχW = 1
2i
Wab χa ∧ χb . (30)
For the Gravifield, the gauge potential and gauge covariant field strength in the Gravifield
space-time are given by
G = −iGa χa , G = dχ G+ Ω ∧ G + gwW ∧ G = 1
2i
Gab χa ∧ χb , (31)
which relate to the gauge potential Gµ and field strength Gµν in the flat Minkowski space-time
as follows
Ga = χˆ
µ
a Gµ , Gab = χˆ µa χˆ νb Gµν , (32)
with
Gµν = ∇µχν −∇νχµ = [∇µχ aν (x)−∇νχ aµ (x) ]
1
2
γa ≡ Gaµν(x)
1
2
γa ,
Gaµν(x) = (∂µ + gwWµ)χ aν + gsΩ aµ bχ bν − (∂ν + gwWν)χ aµ − gsΩ aν bχ bµ . (33)
The covariant derivative is defined as
∇µ = ∂µ + Ωµ + gwWµ = ▽µ + gwWµ , ▽µ = ∂µ + Ωµ . (34)
In terms of the exterior differential forms in the locally flat Gravifield space-time, we are
able to construct the gauge invariant and coordinate-independent action for the gravitational
gauge theory
Sχ =
∫
{ 1
2
[iΨ¯ ∗ χ ∧ DΨ + iψ¯ ∗ χ ∧▽ψ +H.c.] + ysTr (χ ∧ χ) ∧ ∗(χ ∧ χ) ψ¯φψ
− 1
g2A
TrF ∧ ∗F − 1
g2s
TrR∧ ∗R− 1
2
W ∧ ∗W + 1
2
αW φ
2Tr G ∧ ∗G
− 1
2
dφ ∧ ∗dφ− αETrR∧ ∗(χ ∧ χ)φ2 + λsTr (χ ∧ χ) ∧ ∗(χ ∧ χ)φ4 + L′} , (35)
The couplings ys, gs, αW , αE and λs are the constant parameters. L′ denotes the Lagrangian
density for possible other interactions.
The above action for the gravitational gauge theory is presented in the locally flat Grav-
ifield space-time, the fermion fields and gauge fields all belong to the spinor representations
and vector representations of the spinnic group SP(1,3), respectively. In the above action,
we have used the following definitions
D = χaDa , Da = χˆa − iAa − iΩa = χˆ µa Dµ = χˆ µa ( ∂µ − iAµ − iΩµ ) (36)
Here D defines a covariant exterior differential operator in the lGravifield space-time. The
Hodge star in the Gravifield space-time is defined as
∗ χa = 1
3!
ǫabcd χ
b ∧ χd ∧ χc , ∗R = 1
4i
ǫab cdRab χc ∧ χd (37)
and
(χ ∧ χ) = χa ∧ χb 1
2i
Σab , ∗(χ ∧ χ) = 1
2
ǫab cd χ
c ∧ χd 1
2i
Σab ,
dφ = (dχ − igwW )φ , ∗dφ = 1
3!
ǫabcd χ
b ∧ χd ∧ χc (χˆa − gwWa)φ . (38)
The totally antisymmetric Levi-Civita tensor ǫabcd ( ǫ0123 = 1) satisfies the identities
ǫabcdǫ c
′d′
ab = −2(ηcc
′
ηdd
′ − ηcd′ηdc′) ,
ǫabcdǫ d
′
abc = −6ηdd
′
, ǫabcdǫ
abcd = −24 . (39)
Note that a scalar field φ(x) is introduced to maintain both the global scaling and local
scaling symmetries for the gauge-type Gravifield interaction characterized by the coupling
constant αW and the scalar-type spinnic gauge interaction characterized by the coping con-
stant αE . We also introduce a singlet fermion field ψ(x) to couple with the scalar field φ(x)
in order to realize a quantum inflation of the universe. The scalar field φ(x) characterizes
the conformal scaling property, it transforms under the local scaling gauge transformation
and the global scaling transformation as
φ(x)→ φ′(x) = ξ(x)φ(x) ,
φ(x)→ φ′(x′) = λφ(x) , xµ → x′µ = λ−1 xν (40)
IV. QUANTUM FIELD THEORY OF GRAVITY AND CONSERVATION LAWS
To make the field theory description on quantum gravity, it is helpful to transmute the
above gauge invariant and coordinate-independent action of quantum gravity formulated in
the Gravifield space-time into a standard form expressed within the framework of QFT in the
globally flat Minkowski space-time. By converting the Gravifield basis into the coordinate
basis via the Gravifield, we obtain the following gauge invariant theory of gravity in the
globally flat Minkowski space-time
Sχ =
∫
d4x χ
1
2
{ [ χˆµν(Ψ¯χµiDνΨ+ ψ¯χµi▽ν ψ) +H.c. ]− ysψ¯φψ
− 1
4
χˆµµ
′
χˆνν
′
[F IµνF Iµ′ν′ +RabµνRµ′ν′ab +WµνWµ′ν′ − αW φ2 GaµνGµ′ν′a ]
+
1
2
χˆµνdµφdνφ− αEgsφ2χˆ µa χˆ νb Rabµν − λsφ4 + L′(x)} , (41)
which enables us to provide a unified description for all basic forces based on the framework
of QFT for gauge symmetries. Where we have defined the tensor field
χˆµν(x) = χˆ µa (x)χˆ
ν
b (x)η
ab . (42)
Where the Gravifield χ aµ (x) behaves like a gauge-type field, its dynamics is governed by the
field strength of antisymmetric tensor Gaµν(x). Unlike the usual gauge fields, the Gravifield
χ aµ (x) couples inversely to all kinematic and interaction terms of quantum fields. Thus
the Gravifield χ aµ (x) is thought to be a basic gauge-type field and its field strength Gaµν(x)
characterizes the gravitational force.
A. Equations of Motion for Quantum Fields
When taking the globally flat Minkowski space-time as an inertial frame for a reference,
we are able to describe the motions of quantum fields and make a meaningful definition for
the momentum and energy. By applying for the least action principle, we obtain equations
of motion for all fields under an infinitesimal variation of the fields
γaχˆ µa i(Dµ + Vµ)Ψ = 0 , γaχˆ µa i(▽µ + Vµ)ψ = 0 . (43)
for the fermion fields with the definition for a spinnic gauge invariant vector field
Vµ(x) ≡ 1
2
χˆχ cµ ▽ρ (χχˆ ρc ) , (44)
and
Dν(χχˆ
µµ′χˆνν
′F Iµ′ν′) = JI µ , (45)
▽ν(χχˆµµ′ χˆνν′R abµ′ν′) = Jµab , (46)
for the internal gauge fields AIµ and spinnic gauge field Ωabµ . Where the fermonic vector
currents and vector-tensor currents are given by
JI µ = gAχΨ¯γ
aχˆ µa T
IΨ , (47)
Jµab =
1
2
gsχΨ¯χˆ
µ
c {γc
1
2
Σab}Ψ+ 1
2
gsχψ¯χˆ
µ
c {γc
1
2
Σab}ψ
− αEgs▽ν (χχˆµµ′ χˆνν′φ2χ[ab]µ′ν′) +
1
2
χφ2αW χˆ
µµ′χˆνν
′
χ [aν Gb]µ′ν′ , (48)
with the notations
χ
[ab]
µ′ν′ = χ
a
µ′ χ
b
ν′ − χ bµ′χ aν′ ; χ [aν G b]µ′ν′ = χ aν G bµ′ν′ − χ bν G aµ′ν′ . (49)
For the scaling gauge fieldWµ and scalar field φ, we obtain the following equations of motion
∂ν(χχˆ
µµ′ χˆνν
′Wµ′ν′) = Jµ , (50)
(∂µ + gwWµ)(χχˆ
µνdνφ) = J , (51)
with the bosonic vector current and scalar current
Jµ = −gwχχˆµνφdνφ− gwχφ2αW χˆµµ′ χˆνν′χ aν Gµ′ν′a , (52)
J = −χysψ¯ψ + χφ[αW χˆµµ′ χˆνν′GaµνGµ′ν′a − 2αEgsχˆ µa χˆ νb Rabµν − 4λsφ2 ] . (53)
The equation of motion for the Gravifield χ aµ is given by
αW (▽ν − gwWν)(φ2χχˆµµ′ χˆνν′Gµ′ν′a ) = J µa , (54)
with the bi-covariant vector currents
J µa = −χχˆ µa L+
1
2
χχˆρaχˆ
µ
c [Ψ¯γ
ciDρΨ+ ψ¯γci▽ρ ψ +H.c. ]
− χχˆ ρa χˆµµ
′
χˆνν
′
[F IρνF Iµ′ν′ +RcdρνRµ′ν′ cd +WρνWµ′ν′ − αWφ2GbρνGµ′ν′b ]
+ χχˆ ν
′
a χˆ
µµ′dµ′φdν′φ− 2αEgsχφ2χˆ µc χˆ µ
′
a Rcdµ′ν′χˆ ν
′
d . (55)
B. Conservation Laws and Extension to Einstein’s Gravity Equation
With the above QFT description on the gauge theory of gravity in the flat Minkowski
space-time, it enables us to present various basic conservation laws.
1. Conservation Laws for Gauge Invariance
It is known that within the framework of QFT, each symmetry corresponds to a conser-
vation law. For the internal gauge symmetry, from the equation of motion for the internal
gauge field AIµ in Eq.(45), we can prove that the conservation law still holds
DµJ
Iµ = DµDν(χχˆ
µµ′ χˆνν
′F Iµ′ν′) = 0 , (56)
where the symmetric property of the tensor χˆµν = χˆνµ and antisymmetric property of the
tensor F Iµν are only used, which shows that the gravitational effects are totally eliminated.
Actually, from the definitions of the fermion vector currents and the covariant derivative,
we can also verify the conservation law
DµJ
Iµ ≡ (δIK∂µ + f IJKAµ)(gAχΨ¯γaχˆ µa TKΨ)
= gAχχˆ
µ
a Dµ(Ψ¯γaT IΨ) + gA▽µ (χχˆ µa )Ψ¯γaT IΨ = 0 , (57)
where the equation of motion for the fermion field in Eq.(43) is used.
Similarly, we can show from the equations of motion in Eqs.(46) and (50) the conservation
laws for the spinnic and scaling gauge symmetries,
▽µ Jµ ab = ▽µ▽ν (χχˆµµ′ χˆνν′R abµ′ν′) = 0 , (58)
∂µJ
µ = ∂µ∂ν(χχˆ
µµ′χˆνν
′Wµ′ν′) ≡ 0 . (59)
From the definitions of the tensor-type current Jµab and vector current Jµ, we have
▽µ Jµab =
1
2
▽µ Sµab +
1
2
J[ab] − αEgsφ2χ(χˆ µa R cµνb − χˆ µb R cµνa )χˆ νc = 0 , (60)
∂µJ
µ = ∂µ(χχˆ
µνφdνφ+ αWχφ
2χˆµµ
′
χˆνν
′
χ aν Gµ′ν′a) = 0 , (61)
with the definitions
S
µ
ab = gsχ[ Ψ¯χˆ
µ
c {γc
1
2
Σab}Ψ+ ψ¯χˆ µc {γc
1
2
Σab}ψ ] ,
J[ab] = J
µ
a χµb − Jµb χµa . (62)
where the tensor Sµab corresponds to the spin angular momentum tensor and J[ab] is related
to the energy-momentum tensor. It is seen that the tensor current Jµab and the Gravifield
current J µa are in general correlated, which is easily understood as the spinnic gauge field Ω
ab
µ
and Gravifield χ aµ have to be introduced simultaneously when gauging the spinnic symmetry
of fermions.
We now come to the conclusion that in the presence of gravity the conservation laws
for the various currents due to gauge symmetries hold when the gravitational effects are
included.
2. Energy-Momentum Conservation
As the above theory of quantum gravity is built based on the framework of relativistic
QFT in the flat Minkowski space-time, the differences of the spacial coordinates or time
coordinates can be defined by the standard ways proposed in the special relativity, which
allows us to make a meaningful definition for the energy-momentum and angular momentum
as well as their conservation laws.
The translational symmetry of the theory leads to the energy-momentum conservation
law. Following the standard method, let us consider an infinitesimal translational transfor-
mation of coordinates xµ → x′µ = xµ + aµ, the variation of action is given by
δSχ =
∫
d4x ∂µ(T µν )aν = 0 ,
where the surface term is ignored. Thus for an arbitrary displacement aν , it leads to the
well-known energy-momentum conservation law
∂µT µν = 0 , (63)
with the gauge invariant energy-momentum tensor given by
T µν = −ηµνχL+
1
2
χχˆ µa [ iΨ¯γ
aDνΨ+ iψ¯γa ▽ν ψ +H.c. ]
− χχˆµµ′ χˆρσ[F Iµ′ρF Iνσ +Rabµ′ρRνσ ab +Wµ′ρWνσ − αWφ2Gaµ′ρGνσa ]
+ χχˆµµ
′
dµ′φdνφ− 2αEgsχφ2χˆ µa Rabνρχˆ ρb , (64)
which is the total energy-momentum tensor from all fields including gravitational fields. It
is intriguingly noted that the gauge invariant energy-momentum tensor Tµν is in general
not symmetric even when freezing out the gravitational interactions due to the existence of
fermionic fields
Tµν 6= Tνµ . (65)
3. Conservation Laws for Global Lorentz and Scaling Invariances
Similar to the energy-momentum conservation of translational invariance, considering an
infinitesimal transformation x′µ = xµ + δLµνx
ν , we arrive at the conservation law for the
global Lorentz transformation invariance
∂µL
µ
ρσ − T[ρσ] = 0 , (66)
with
L
µ
ρσ ≡ T µρ xσ − T µσ xρ , T[ρσ] ≡ T ρ
′
ρ ηρ′σ − T σ
′
σ ησ′ρ . (67)
Here Lµρσ defines an orbital angular momentum tensor of space-time. It is shown that the
orbital angular momentum tensor is in general not conserved homogeneously, i.e., ∂µL
µ
ρσ 6= 0,
due to the asymmetric energy-momentum tensor Tρσ 6= Tσρ.
From the conservation law Eq.(60) for the spinnic gauge invariance, we have
∂µS
µ
ρσ + T[ρσ] − Sµab(∇µχ aρ χ bσ + χ aρ ∇µχ bσ )
−2αEgsφ2χ(χˆ µa R cµνb − χˆ µb R cµνa )χˆ νc χ aρ χ bσ = 0 , (68)
where Sµρσ defines the spinnic angular momentum tensor with T[ρσ] relating to the energy-
momentum tensor
S
µ
ρσ = S
µ
abχ
a
ρ χ
b
σ = gsχχˆ
µ
c [ Ψ¯{γc
1
2
Σab}Ψ+ ψ¯{γc 1
2
Σab}ψ ]χ aρ χ bσ ,
T[ρσ] = J[ab]χ aρ χ bσ = T µρ χµσ − T µσ χµρ , χµν = χ aµ χ bν ηab . (69)
where χµν is dual to the symmetric tensor field χˆ
µν in Eq.(42).
It is interesting to introduce a total angular momentum tensor
J µρσ ≡ Lµρσ + Sµρσ , (70)
we obtain a new form of conservation law from Eq.(67) and Eq.(68)
∂µJ µρσ − (T[ρσ] − T[ρσ])− Sµab(∇µχ aρ χ bσ + χ aρ ∇µχ bσ )
−2αEgsφ2χ(χˆ µa R cµνb − χˆ µb R cµνa )χˆ νc χ aρ χ bσ = 0 . (71)
When turning the spinnic and scaling gauge symmetries into global Lorentz and scaling
symmetries, namely
Ω
ab
µ → 0 , χˆ µa → η µa , Wµ → 0 , (72)
we arrive at the familiar conservation law for a total angular momentum tensor
∂µJ µρσ = ∂µ(Lµρσ + Sµρσ) = 0 , (73)
which reproduces the result for the gravity-free theory in the Minkowski space-time. This
is due to the fact that
∂µS
µ
ρσ = −T[ρσ] , ∂µLµρσ = T[ρσ] , (74)
which shows that neither the angular momentum tensor nor the spinnic momentum tensor
is conserved homogeneously due to the asymmetric part of the energy-momentum tensor in
the presence of fermion fields, only the total angular momentum becomes homogeneously
conserved via the cancelation in their asymmetric part of the energy-momentum tensor.
The global scaling symmetry leads to the following conservation law
(xµ
∂
∂xµ
+ 4)(χL) + ∂µT µ − T = 0 , (75)
with T µ and T relating to the energy-momentum tensor
T µ ≡ T µν xν , T ≡ T µν η νµ = T µµ . (76)
Notice the fact that the integral
∫
d4xλ4 χ(λx)L(λx) is independent of λ, the differentiation
with respect to λ at λ = 1 gives an identity∫
d4x(xµ
∂
∂xµ
+ 4)(χL) = 0 ,
the conservation law is given by
∂µT µ − T = 0 . (77)
Only when the scalar field is freezed out in the gravity-free theory, the energy-momentum
tensor becomes traceless and a homogeneous conservation law for the scaling invariance is
reached
∂µT µ = 0 . (78)
4. Gravity Equation and Conservation Law for Gravifield Tensor
For the conservation of the bi-covariant vector current J µa , from the equation of motion
for the Gravifield χ aµ Eq.(54), the gauge and Lorentz covariant derivative to the current is
given by
(▽µ − gwWµ)J µa = αW (▽µ − gwWµ)(▽ν − gwWν)(φ2χχˆµµ
′
χˆνν
′Gµ′ν′a )
=
1
2
αWφ
2χ(gsR bµνa − gwWµνη ba )χˆµµ
′
χˆνν
′Gµ′ν′b , (79)
which is not conserved homogeneously. This is understandable from the fact that the Grav-
ifield behaves not like the usual gauge field as it is introduced to be an accompaniment of
spinnic and scaling gauge fields to maintain the spinnic and scaling gauge symmetries.
It is interesting to observe the following relation between the energy-momentum tensor
and the bi-covariant vector current for the Gravifield
T µν = χ aν J µa , (80)
which motivates us to derive the equation of motion for the Gravifield in connection directly
with the energy-momentum tensor
∂ρG µρν − G µν = T µν , (81)
which is referred as the Gravity Equation alternative to the Einstein’s equation for the theory
of general relativity. Where we have introduced the definitions
G µρν ≡ αWφ2χχˆµµ
′
χˆρν
′
χ aν Gµ′ν′a = −G ρµν ,
G µν ≡ αWφ2χχˆµµ
′
χˆρν
′
(∇ρχ aν )Gµ′ν′a = (χˆ σa ∇ρχ aν )G µρσ . (82)
Here G µρν is mentioned as the gauge invariant Gravifield tensor and G µν as the gauge invariant
Gravifield tensor current.
From the energy-momentum conservation ∂µT µρ = ∂µ(J µa χ aρ ) = 0, we obtain the con-
served current
∂µG µν = ∂µ(χˆ σa ∇ρχ aν G µρσ ) = ∂µ(φ2χχˆµµ
′
χˆρν
′∇ρχ aν Gµ′ν′a ) = 0 , (83)
which presents an alternative conservation law for the Gravifield tensor current.
V. GAUGE SYMMETRY BREAKING AND DYNAMICS OF BACKGROUND
FIELDS
In the above gauge theory of quantum gravity, we have introduced the spinnic gauge
field Ωabµ (x) and Gravifield χ
a
µ (x) as well as the scaling gauge field Wµ(x) and the scalar
field φ(x). They are in general massless without considering gauge symmetry breaking. As
there are no experimental indications for those fields, either they are very heavy or their
interactions are very weak. Let us consider possible gravitational gauge symmetry breaking
and study the evolution of the universe.
A. Gauge Symmetry Breaking in Theory of Quantum Gravity
Before considering gravitational gauge symmetry breaking, we first make two special
remarks for the scaling gauge transformations. The scaling gauge symmetry allows us to
make a special scaling gauge transformation ξa(x) = 1/aχ(x), so that
φ(x)→ φ′(x) = ξa(x)φ(x) = φ(x)/aχ(x) = MS . (84)
HereMS is regarded as the basic scaling energy scale to fix the scaling gauge transformation.
Alternatively, we can always choose a special gauge fixing condition, so that the determinant
of the Gravifield χ = detχ aµ is rescaled into unity
χ(x)→ χ′(x) = ξ−4χ (x)χ(x) = 1 aχ(x)→ a(x) = ξχ(x)aχ(x) = χ1/4(x)aχ(x) . (85)
and the scalar field can be expressed as the following general form
φ(x) ≡MS a(x) , χ = detχ aµ = 1. (86)
We now turn to discuss the gravitational gauge symmetry breaking. Let us make a
postulate that the gravitational gauge symmetry is broken down in such a way that the
theory remains keeping a global Lorentz symmetry. With this postulate, we consider the
following simple background structure under the scaling gauge fixing condition χ(x) = 1
〈χ aµ (x)〉 = χ¯ aµ (x) = η aµ , 〈φ(x)〉 = ϕ¯(x) ≡ a¯(x)MS ,
〈Ωabµ (x)〉 = η[ab]µρ ω¯ρ(x) , η[ab]µρ ≡ η aµ η bρ − η bµ η aρ ,
〈Wµ〉 = w¯µ(x) , 〈Ψ(x)〉 = 0 , 〈ψ(x)〉 = 0 , 〈AIµ(x)〉 = 0 , (87)
with a¯(x), ω¯µ(x) and w¯µ(x) the gravitational background fields.
B. Dynamics of Background Fields and Cosmic Vector
To investigate the dynamics of background fields, we shall find out solutions of the back-
ground fields ϕ¯(x), ω¯(x) and w¯(x) by solving their field equations of motion.
The field strengths and their scalar products for the background fields are found to be
R¯abµν = dµω¯
ρη[ab]νρ − dνω¯ρη[ab]µρ − gsω¯2ρη[ab]µν ,
G¯aµν = ∇µηaν −∇νηaµ = ηaµΩ¯ν − ηaνΩ¯µ , Ω¯µ ≡ gsω¯µ − gww¯µ ,
W¯µν = ∂µw¯ν − ∂νw¯µ (88)
R¯ = ηµaη
ν
b R¯
ab
µν = −6(∂µω¯µ + gsω¯µω¯µ) ,
R¯abµνR¯
µν
ab = 4(dµω¯
µ)2 + 8dµω¯νd
µω¯ν + 24gs(dµω¯
µ + gsω¯µω¯
µ)ω¯νω¯
ν .
The corresponding Lagrangian for the background fields is given by
L¯ = −(dρω¯ρ)2 − 2dρω¯σdρω¯σ − 6gs∂ρω¯ρω¯σω¯σ + 3
2
αW Ω¯ρΩ¯
ρϕ¯2
−1
4
W¯ρσW¯
ρσ +
1
2
dρϕ¯d
ρϕ¯ + 6αEgs(∂ρω¯
ρ + gsω¯ρω¯
ρ)ϕ¯2 − λsϕ¯4 , (89)
with the definitions
dµϕ¯ ≡ (∂µ − gww¯µ)ϕ¯ , dµω¯ρ ≡ (∂µ − gsω¯µ)ω¯ρ . (90)
The equations of motion for background fields easily read from Eqs.(46)-(54) as follows,
[−∂σ∂σω¯ρ + gsω¯σ∂σω¯ρ + 2gsω¯ρ∂σω¯σ − 3gsω¯σ∂ρω¯σ
+ 2g2s ω¯σω¯
σω¯ρ +
1
2
αW gsΩ¯
ρϕ¯2 + αEgs∂
ρϕ¯2 − 2αEg2s ω¯ρϕ¯2 ]η[ab]µρ
+[ ∂µ∂
σω¯ρ − 2gsω¯µ∂σω¯ρ − gsω¯ρ∂σω¯µ − gsω¯σ∂µω¯ρ ]η[ab]σρ = 0 , (91)
for the background spinnic gauge field 〈Ωabµ (x)〉, and
ηaµαW (∂
ρ − gww¯ρ)(ϕ¯2Ω¯ρ)− ηaραW [ (∂ρ − gww¯ρ)(ϕ¯2Ω¯ρ) + gs(ω¯µΩ¯ρ + 2Ω¯µω¯ρ)ϕ¯2 ]
= −ηaµ2[ dρω¯σdρω¯σ + 2gsdρω¯ρω¯σω¯σ + 3g2s(ω¯σω¯σ)2 − αW Ω¯σΩ¯σϕ¯2 ]
−ηaµ2αEgs(dρω¯ρ + 3gsω¯ρω¯ρ)ϕ¯2 − ηaρ [ W¯ρσW¯ µσ − dρϕ¯dµϕ¯− 2αW Ω¯ρΩ¯µϕ¯2]
−ηaρ2[ dρω¯σdµω¯σ + (dρω¯µ + dµω¯ρ)dσω¯σ − dσω¯µdσω¯ρ + 2gs(dρω¯µ + dµω¯ρ)ω¯σω¯σ ]
+ηaρ4αEgsϕ¯
2dρω¯µ − ηaµL¯ , (92)
for the background Gravifield 〈χ aµ (x)〉, as well as
(∂µ + gww¯µ)d
µϕ¯ = 6αW Ω¯µΩ¯
µϕ¯2 + 12αEgs(∂µω¯
µ + gsω¯µω¯
µ)ϕ¯− 4λsϕ¯3 , (93)
∂νW¯
µν = −gwϕ¯dµϕ¯− 3αW Ω¯µϕ¯2 , (94)
for the background scaling gauge field and scalar field, respectively.
To obtain solutions of background fields, it is helpful to simplify the above equations of
motion. For that, we may make a simple and rational ansatz that the conformally covariant
derivative of the background scalar field defined in Eq.(90) vanishes
dµϕ¯ = 0 , i.e. gww¯µ(x) = ∂µ ln ϕ¯(x) . (95)
Such an ansatz indicates that the background scaling gauge field w¯(x) is a pure gauge field
and solely determined by the background scalar field ϕ¯(x).
Applying such a simple ansatz to equation of motion Eq.(94) for the background scaling
gauge field, we yield the results
W¯µν = 0 , Ω¯
µ = 0 , G¯µν = 0,
gsω¯µ(x) = gww¯µ(x) = ∂µ ln ϕ¯(x) , (96)
which shows that once making a postulate that the background scalar field has a vanishing
conformally covariant kinetic energy, the field strength for both the background spinnic
gauge field and Gravifield is also vanishing and all the background fields are governed by
the background scalar field.
With the above results, the complicated equations of motion Eqs.(91)-(93) are simplified,
respectively, to be
3(∂µϕ¯(x))∂
2
ν ϕ¯(x) = ϕ¯(x)∂µ(∂
2
ν ϕ¯(x)) ,
2∂µϕ¯∂νϕ¯ = ϕ¯∂µ∂νϕ¯ , i.e. dµω¯ν = 0 ,
3αE∂
2
ν ϕ¯(x) = λsϕ¯
3(x) . (97)
It is not difficult to solve the above simplified equations. An exact solution for the
background scalar field is found to be
ϕ¯(x) =
mκ
αS(1− xµκµ) , mκ =
√
κµκµ . (98)
Here κµ appears to be a constant cosmic vector with the cosmological mass scale mκ. For
nonzero constants αE and λs, they are related to the constant parameter αS via the following
relation
λs = 6αEα
2
S . (99)
As the equations of motion possess a mirror symmetry Z2: ϕ¯→ −ϕ¯, and also a reflection
symmetry of space-time: xµ → −xµ, ϕ¯(x) → ϕ¯(−x), the solutions must also be invariant
under the transformation: xµ → −xµ, κµ → −κµ. In general, there are four solutions for
the background scalar field
ϕ¯(x)→ ϕ¯(±)κ± (x) = ±ϕ¯κ±(x) = ±
mκ
αS(1∓ xµκµ) . (100)
VI. BACKGROUND STRUCTURE ANDGEOMETRY OF GRAVIFIELD SPACE-
TIME AND EVOLUTION OF EARLY UNIVERSE
With the above solutions of the background fields, we are able to investigate the back-
ground structure of Gravifield Space-time and the properties of background Gravifield Space-
time resulting from the solutions. Based on the background Gravifield Space-time, it enables
us to explore the evolution of early universe.
A. Geometry of Gravifield Space-time
To study the geometry of Gravifield Space-time, we shall define a spinnic and scaling
gauge invariant line element with the Gravifield basis χa
l2χ = a
2
χ ηab χ
aχb , aχ ≡ φ2/M2S . (101)
Here the multiplying factor aχ given by the scalar field ensures an invariant line element
under both the local and global scaling transformations. When turning to the coordinate
basis in the flat Minkowski space-time, we can express the invariant line element as the
following form
l2χ ≡ a2χ(x)χµν(x)dxµdxν , χµν(x) = χ aµ (x)χ bν (x)ηab , (102)
where a2χ(x) is regarded as a conformal scale field and χµν(x) defines a Lorentz covariant
metric tensor field referred as Gravimetric field for short. Both the conformal scale field
and Gravimetric field characterize the geometric properties of Gravifield space-time in such
a conformal basis.
The scaling gauge invariant line element allows us to choose, by making an appropriate
scaling gauge transformation, a convenient basis to investigate the features of Gravifield
space-time. For instance, by making a particular scaling gauge transformation,
aχ(x)→ aEχ (x) = ξa(x)aχ(x) = 1 , χ aµ (x)→ χE aµ (x) = ξ−1a (x)χ aµ (x) = aχ(x)χ aµ (x) ,
the line element can be rewritten as
l2χ = a
2
χ(x)χµν(x)dx
µdxν ≡ χEµν(x)dxµdxν , χEµν(x) = χE aµ (x)χE bν (x)ηab , (103)
which yields an Einstein-type basis in the flat Minkowski space-time of coordinates.
Alternatively, by taking a special scaling gauge transformation,
aχ(x)→ aU(x) = χ1/4(x)aχ(x) , χ aµ (x)→ χU aµ (x) = χ−1/4(x)χ aµ (x) ,
we obtain a specific line element
l2χ = a
2
χ(x)χµν(x)dx
µdxν ≡ a2U(x)χUµν(x)dxµdxν ,
χUµν(x) = χ
U a
µ (x)χ
U b
ν (x)ηab , χ
U = detχU aµ = 1 (104)
which sets a typical basis for the Gravifield space-time. Such a basis is referred as a Unitary
basis. The Unitary basis will be shown to be a physically meaningful basis for considering
quantum effect within the framework of QFT. For convenience, the label “U” for all the
quantities in the Unitary basis will be omitted in the following discussions, the line element
is expressed as
l2χ = a
2(x)χµν(x)dx
µdxν ; χ = detχ aµ = 1 . (105)
Here the conformal scale field a(x) (or conformal scalar field φ(x) ≡MSa(x)) reflects directly
the physics degree of freedom in the Unitary basis. Thus the scalar particle φ(x) in the
Unitary basis may be called as scalinon particle that characterizes the conformal scaling
evolution of universe.
B. Conformal Proper Time and Cosmological Horizon
The background structure of Gravifield Space-time is shown be governed by the back-
ground scalar field in the Unitary basis (χ = detχ aµ = 1)
〈χ aµ (x)〉 = χ¯ aµ (x) = η aµ , 〈φ(x)〉 = ϕ¯(x) ,
〈Ωabµ (x)〉 = g−1s ∂ρ ln ϕ¯(x) η[ab]µρ , 〈Wµ〉 = g−1w ∂µ ln ϕ¯(x) . (106)
which forms a background Gravifield Space-time with the line element
〈l2χ〉 = 〈a2(x)ηab χa(x)χb(x)〉 = a¯2(x) ηµν dxµdxν . (107)
Such a background Gravifield Space-time coincides with a conformally flat Minkowski space-
time governed by the background conformal scale field a¯(x), which distinguishes from the
globally flat Minkowski space-time that is introduced as an inertial reference frame of co-
ordinates. a¯(x) is determined by the solutions of the background scalinon field ϕ¯(x) in the
Unitary basis
a¯(x)→ ±a¯κ±(x) = ±ϕ¯κ±(x)/MS = ± mκ
αSMS
1
1∓ xµκµ . (108)
which shows that the line element is invariant under the global Lorentz and scaling trans-
formations.
The scalar product xµκµ is a Lorentz and scaling invariant quantity, which enables us to
define a conformal proper time η
xµκµ ≡ κˆ cη , (109)
with κˆ as a conformal proper energy scale and c the speed of light in vacuum. η and κˆ obey
a general conformal scaling transformation
η → η′ = λ−α η , κˆ→ κˆ′ = λα κˆ , (110)
with α an arbitrary constant parameter.
By expressing the Lorentz time component x0 = ct in terms of the conformal proper time
η, we have
x0 = ct =
κˆ
κ0
cη − κi
κ0
xi ≡ 1
u0
(cη − uixi) ,
u0 ≡ κ0
κˆ
, ui ≡ κi
κˆ
. (111)
The infinitesimal displacement dx0 of the Lorentz time component is replaced by
dx0 = c dt =
1
u0
(cdη − uidxi) , (112)
and the conformal scale field is rewritten as
a¯(x)→ a¯(η)→ ±a¯κ±(η) = ± mκ
αSMS
1
1∓ κˆ cη . (113)
Thus the line element reads
〈l2χ〉 = a¯2(η)χ¯µνdxˆµdxˆν , xˆµ = (cη, xi) , (114)
where χ¯µν is a non-diagonal background metric for the background Gravifield space-time
χ¯µν =
1
u20
(
1 −uj
−ui u20 χ¯ij
)
, χ¯ij = ηij +
uiuj
u20
. (115)
The Lorentz and scaling invariance allows one to choose in principle a special reference
frame and conformal scaling factor, so that ui = 0 (κi = 0) and κˆ = mκ = κ0 and u0 = 1,
which is known as the co-moving reference frame. Thus only in the co-moving reference
frame, we arrive at an isotropic and homogenous background Gravifield space-time
〈l2χ〉 = a¯2(η)ηµνdxˆµdxˆν = a¯2(t)ηµνdxµdxν . (116)
In this case, the conformal proper time η coincides with the co-moving Lorentz time (η = t).
It is interesting to note that the background conformal scale field has a singularity when
the conformal proper time or the co-moving Lorentz time approaches to the epoch given by
the inverse of the conformal proper energy scale, i.e.,
η → ηκ ≡ ± 1
cκˆ
, a¯(η)→ a¯±(ηκ) =∞ , (117)
at which the conformal size of the background Gravifield space-time becomes infinitely large.
Thus the cosmological horizon in the background Gravifield space-time is defined by the light
traveled distance
Lκ = c|ηκ| = 1/κˆ . (118)
In summary, the background Gravifield space-time is a conformally flat Minkowski space-
time described by the cosmic vector κµ with the cosmological mass scale mκ =
√
κµκµ.
In terms of conformal proper time η = xµκ
µ/cκˆ, the background Gravifield space-time is
characterized by the cosmological horizon Lκ = 1/κˆ at which the conformal scale factor a¯(η)
becomes singular.
C. Cosmic Proper Time and Inflationary Universe
In the conformally flat background Gravifield space-time, the conformal size of both the
conformal proper time and space is expanded simultaneously. To describe the evolution of
universe, it is useful to define a cosmic proper time τ which is related to the conformal
proper time as follows
dτ ≡ a¯(η)dη , a¯(η)→ ±a¯κ±(η) = ± mκ
αSMS
1
1∓ κˆ cη = ±
mκ
αSMS
1
1∓ cη/Lκ . (119)
After carrying out the integration, we obtain a relation between the conformal proper time
η and the cosmic proper time τ
± 1
1− κˆ cη = ±e
Hκcτ , −∞ ≤ cη ≤ Lκ , −∞ ≤ τ ≤ ∞ ,
± 1
1− κˆ cη = ∓e
−Hκcτ , Lκ ≤ cη ≤ ∞ , −∞ ≤ τ ≤ ∞ ,
± 1
1 + κˆ cη
= ∓eHκcτ , −∞ ≤ cη ≤ −Lκ , −∞ ≤ τ ≤ ∞ ,
± 1
1 + κˆ cη
= ±e−Hκcτ , −Lκ ≤ cη ≤ ∞ , −∞ ≤ τ ≤ ∞ . (120)
which shows that it takes an infinitely large cosmic proper time τ →∞ for the light traveling
to the cosmological horizon cη → Lκ. In obtaining the above relation, we have used the
integration condition
a¯(η = 0) = a¯(τ = 0)
.
The conformal scale factor for the spatial coordinates gets an exponential form in terms
of the cosmic proper time
a¯(τ)→ ±a¯κ±(τ) = ±a¯0e±Hκcτ ( or ∓ a¯0e∓Hκcτ ) , a¯0 = κˆ/Hκ = lκ/Lκ , (121)
with the definitions
Hκ ≡ αSMS κˆ
mκ
, lκ =
1
Hκ
. (122)
Here Hκ and lκ represent the primary cosmic energy scale and primary cosmic horizon,
respectively.
The line element in terms of the cosmic proper time reads
〈l2χ〉 = g¯µν(τ)dxˆµdxˆν ; xˆµ = (cτ, xi) , (123)
with the metric tensor
g¯µν(τ) =
1
u20
(
1 −a¯(τ) uj
−a¯(τ) ui a¯2(τ) u20 g¯ij
)
, g¯ij = ηij +
uiuj
u20
, (124)
which indicates that the metric of the background Gravifield space-time is in general not
isotropic in terms of the cosmic proper time τ . Only in the co-moving reference frame with
ui = 0 and u0 = 1, the cosmic proper time τ is correlated to the co-moving Lorentz time
t, the background Gravifield space-time appears to be isotropic and homogeneous. The line
element is given by
〈l2χ〉 = c2dτ 2 + a¯2(τ)ηij dxidxj . (125)
It is seen that the well-known form of Friedman-Lematre-Robertson-Walker (FLRW) met-
ric is reproduced only in the specific co-moving reference frame. The resulting background
Gravifield space-time characterizes an inflationary universe with a¯(τ) = a¯0e
Hκcτ (or defla-
tionary universe with a¯(τ) = a¯0e
−Hκcτ ) when the cosmic proper time arrow goes from past
to future.
VII. QUANTIZATION OF GRAVITY THEORY AND QUANTUM INFLATION
Based on the background structure of Gravifield space-time after the gravitational gauge
symmetry breaking, we shall discuss the quantization of gravitational gauge theory. For the
quantum effects, we will focus on the quantum inflation of early universe.
A. Quantization of Gravity
As the global Lorentz and scaling invariant background Gravifield space-time is char-
acterized by the conformally flat Minkowski space-time in the Unitary basis, all quantized
fields are expressed as follows
χ aµ = χ¯
a
µ + h
a
µ (x)/MW , χ¯
a
µ = η
a
µ ,
φ(x) = ϕ¯(x) + ϕ(x) , ϕ¯(x) =MS a¯(x) ,
Ω
ab
µ (x) = χ˜
[ab]
µρ ω¯
ρ(x) + Ωabµ (x) = η
[ab]
µρ ω¯
ρ(x) + H˜ [ab]µρ ω¯
ρ(x)/MW + Ω
ab
µ (x) ,
Wµ(x) = w¯µ(x) + wµ(x) , gww¯µ(x) = gsω¯µ(x) = ∂µ ln ϕ¯(x) , (126)
where we have introduced the following definitions
χ˜[ab]µρ (x) = χ
a
µ χˆ
b
ρ − χ bµ χˆaρ = 〈χ˜[ab]µρ (x)〉 + H˜ [ab]µρ (x) , 〈χ˜[ab]µρ (x)〉 = η[ab]µρ ,
H˜ [ab]µρ (x) = h
a
µ η
b
ρ − h bµ ηaρ − η aµ hˆbρ + η bµ hˆaρ − ( h aµ hˆbρ − h bµ hˆaρ )/MW ,
χˆ µa (x) ≡ η µa − hˆ µa (x)/MW , hˆ µa ≡ h µa − Nˆ µa /MW =
∞∑
n=1
(−1)n−1
Mn−1W
(hn) µa . (127)
with the condition in the Unitary basis (χ = detχ aµ = 1)
ln detχ aµ = Tr ln( η
a
µ + h
a
µ /MW ) = 0 , or
∞∑
n=1
(−1)n−1
nMn−1W
(hn) aµ η
µ
a = 0 . (128)
Here MW is introduced as a weighting energy scale to make the quantized Gravifield h
a
µ (x)
dimensional and fixed via the normalization of kinetic term for the Gravifield. With the
convention for the conformal scale field φ(x) = MS a(x), MW can be expressed by the basic
scaling energy scale M2W = αWM
2
S.
The action in terms of the above quantized fields h aµ (x), ϕ(x), wµ(x), Ω
ab
µ (x) gets the
following form in the Unitary basis
Sχ =
∫
d4x
1
2
[ χˆµν(Ψ¯χ aµ γaiDνΨ+ ψ¯χ
a
µ γai▽ν ψ) +H.c. ]− ysψ¯(ϕ¯+ ϕ)ψ
− 1
4
χˆµµ
′
χˆνν
′
[F IµνF Iµ′ν′ + RabµνRµ′ν′ab +WµνWµ′ν′ ]
+ αW ( ϕ¯+ ϕ )
21
4
χˆµµ
′
χˆνν
′
G
a
µνGµ′ν′a +
1
2
χˆµνdµϕdνϕ− λs(ϕ¯+ ϕ)4
− [αE(ϕ¯+ ϕ)2 − χˆρσω¯ρω¯σ ]gsχˆ µa χˆ νb Rabµν
+ 6αEgs(ϕ¯+ ϕ)
2[ χˆ µa ▽µ (χˆaν ω¯ν) + gsχˆµν ω¯µω¯ν ]
− 2αEgs(ϕ¯+ ϕ)2χˆνρω¯ρχˆ µa Gaµν − 3g2s( χˆµνω¯µω¯ν)2
+
1
2
χˆµν [ g2w(wµϕ¯+ w¯µϕ)(wνϕ¯+ w¯νϕ)− 2gw(ϕ¯wµ + w¯µϕ)dνϕ ]
− χˆ ρb ω¯ρ χˆµµ
′
χˆνν
′
Gµ′ν′aR
ab
µν − 2χˆ µa χˆνν
′
[▽ν′(χˆ ρb ω¯ρ)− gsω¯ν′χˆ ρb ω¯ρ ]Rabµν
− 1
4
χˆµµ
′
χˆνν
′
[ χˆρσω¯ρω¯σηab − χˆ ρa χˆ σb ω¯ρω¯σ ]GaµνGbµ′ν′
− 2χˆµν ▽µ (χˆ ρa ω¯ρ)▽ν (χˆaσω¯σ)− [χˆ µa ▽µ (χˆaρω¯ρ)]2
− χˆµµ′ χˆνν′Gaµνω¯µ′ ▽ν′ (χˆ ρa ω¯ρ) +
1
2
χˆ µa χˆ
νν′Gaµν∂ν′(χˆ
ρσω¯ρω¯σ)
+ 2gsχˆ
µν∂µ(χˆ
ρσω¯ρω¯σ)ω¯ν − 4gsχˆ µa ▽µ (χˆaν ω¯ν)χˆρσω¯ρω¯σ + L′(x) , (129)
with
iDµ = i∂µ + Ωµ +Aµ
R
ab
µν = ∂µΩ
ab
ν − ∂νΩabµ + gs(ΩaµcΩcbν − ΩaνcΩcbµ )
Wµν = ∂µwν − ∂νwµ , dµϕ = (∂µ − gwwµ)ϕ
G
a
µν = ∇µχ aν −∇νχ aµ = Gaµν + gw(wµχ aν − wνχ aµ ) ,
χˆµµ
′
χˆνν
′
G
a
µνGµ′ν′a = χˆ
µµ′χˆνν
′
GaµνGµ′ν′a + 4gwχˆ
µρχˆ νa G
a
µνwρ + 6g
2
wχˆ
µνwµwν ,
Gaµν = ▽µχ aν −▽νχ aµ = χaµν + gs(Ωaµbχ bν − Ωaνbχ bµ ) . (130)
It is shown that there exist rich gravitational interactions with respect to the background
fields. Note that all the linear terms of quantized fields become vanishing and the gravi-
tational gauge symmetries are broken down to the corresponding global symmetries when
substituting the background field solutions obtained from the equations of motion.
B. Massless Graviton and Massive Spinnon
Practically, it is convenient to work in Euclidean space-time by making a Wick rotation.
Classically, the Gravifield χ aµ (x) has sixteen field components, Ω
ab
µ (x) twenty four field
components and Wµ(x) four field components. There are totally forty five components
including single scalar field. For the massless gauge fields, it is known that only the transverse
components are physical ones. There are eight, twelve and two independent physical degrees
of freedom for the massless gauge-type Gravifield χ aµ (x), spinnic gauge field Ω
ab
µ (x) and
scaling gauge field Wµ(x), respectively. When fixing the scaling gauge condition to the
unitary basis, i.e., χ = detχ aµ (x) = 1, the Gravifield χ
a
µ (x) is reduced to have seven
independent physical degrees of freedom. Thus there are twenty two independent physical
degrees of freedom including the single scalar field.
After considering the gravitational gauge symmetry breaking with 〈χ aµ (x)〉 = χ¯ aµ = η aµ ,
〈φ(x)〉 = ϕ¯(x) = a¯MS, the leading Gravifield dynamical interaction term provides masses
for the spinnic and scaling gauge fields
L(m)G =
3
2
a¯2g2wM
2
Wwµwνη
µν +
1
4
a¯2g2sM
2
WΩ[µab]Ω[µ′a′b′]η
µµ′ηaa
′
ηbb
′
, (131)
with Ω[µab] ≡ Ωµab − Ωbaµ.
It shows that the totally antisymmetric part of the spinnic gauge field Ω[µab] become
massive. The massive spinnic gauge field yields additional four physical degrees of freedom
and has totally sixteen physical degrees of freedom. The massive scaling gauge field possesses
three physical degrees of freedom. Here the gauge-type Gravifield plays the role as a Higgs-
type boson for generating the spinnic and scaling gauge symmetry breaking and leading to
the massive spinnic and scaling gauge fields. Thus its five physical degrees of freedom will be
eaten by the spinnic and scaling gauge fields. Eventually, the gauge-type Gravifield has only
two independent physical degrees of freedom, which is naturally chosen to be the following
two transverse components of Gravifield χ aµ (x) = η
a
µ + h
a
µ (x)/MW
h12(x) = h21(x), h11(x) = −h22(x) . (132)
Such a massless quantized transverse Gravifield hij acts as the graviton. The totally anti-
symmetric spinnic gauge field Ω[µab] acts as a massive spinnon, it provides a twisting and
torsional interaction.
C. Quantum Inflation of Early Universe
The solution for the conformal scale field in the background Gravifield space-time shows
that the evolution of early universe should undergo an extremely rapid exponential expansion
in terms of the cosmic proper time. The main issue is what causes the inflation of the universe
and which epoch the inflationary universe gets end. We shall show that the quantum effect
plays a significant role to answer the question.
The Lagrangian density and energy-momentum tensor for the background Gravifield
space-time after gravitational gauge symmetry breaking are found to be
L¯ = −6∂µω¯ν∂µω¯ν + 12αEg2s ω¯2µϕ¯2 − λsϕ¯4 = −6g2s ω¯2µω¯2µ + 12αEg2s ω¯2µϕ¯2 − λsϕ¯4 ,
= −(6α4S/g2s − λs) ϕ¯4 = −λs(α2Sα−1E /g2s − 1 ) ϕ¯4 , (133)
T¯µν = −ηµν2[ dρω¯σdρω¯σ + 2gsdρω¯ρω¯σω¯σ + 3g2s(ω¯σω¯σ)2 − αW Ω¯σΩ¯σϕ¯2 ]
−ηµν2αEgs(dρω¯ρ + 3gsω¯ρω¯ρ)ϕ¯2 − [ W¯µσW¯ σν − dµϕ¯dνϕ¯− 2αW Ω¯µΩ¯νϕ¯2]
−2[ dµω¯σdνω¯σ + (dµω¯ν + dνω¯µ)dσω¯σ − dσω¯µdσω¯ν + 2gs(dµω¯ν + dνω¯µ)ω¯σω¯σ ]
+4αEgsϕ¯
2dνω¯µ − ηµνL¯ = 0 , (134)
where the final expression for L¯ and the result T¯µν = 0 are resulted by applying for the
solutions of the background fields. It indicates that the background Gravifield space-time
represents the whole universe as it has no energy-momentum exchanging with its exterior.
The stability of the background Gravifield space-time requires a minimal background
scalar potential with
ϕ¯→ 0 , for 6α4S/g2s > λs = 6αEα2S > 6α2Eg2s ,
ϕ¯→ ±∞ , for 6α4S/g2s < λs = 6αEα2S < 6α2Eg2s . (135)
It is seen that the early universe characterized by the background Gravifield space-time
without considering quantum effect will be stabilized either at an infinitely small conformal
size ϕ¯ → 0 for α2S > αEg2s (α4S > λsg2s/6) or at an infinitely large conformal size ϕ¯ → ±∞
for α2S < αEg
2
s (α
4
S < λsg
2
s/6).
Let us consider that our universe has a beginning. The background Gravifield space-
time must be stabilized at an infinitely small conformal size with a¯ ≪ 1. For an extreme
small size of universe at the beginning, the quantum effect must be considered. For our
present purpose, we shall focus on the possible one loop quantum effects on the background
Gravifield space-time. The leading contributions to the effective Lagrangian of the scalinon
field gets the following general form
LS ≃ µ2U ( ϕ¯(x) + ϕ(x) )2 − λU ( ϕ¯(x) + ϕ(x) )4
+ 2λs( ϕ¯(x) + ϕ(x) )
2ϕ¯2(x) + µ¯2U ϕ¯
2(x)− λ¯U ϕ¯4(x) , (136)
with
µ2U(MU/µ) ≃
2
(4π)2
y2S
(
M2U − µ2
)
,
λU(MU/µ) ≃ λs + 4
(4π)2
λ2S ln
M2U
µ2
,
µ¯2U(MU/µ) ≃
2
(4π)2
y¯2S
(
M2U − µ2
)
,
λ¯U(MU/µ) ≃ α
2
S
g2sαE
λs +
4
(4π)2
λ¯2S ln
M2U
µ2
, (137)
with
y2S ≡ y2s − 6λs − cwg2w − csg2s ,
λ2S ≡ −12λ2s −
(
λs − 2y2s
)
y2s + c
′
wg
4
w + c
′
sg
4
s ,
y¯2S ≡ λs + c¯sα2S , λ¯2S ≡ −λ2s + c¯′sα4S , (138)
MU is taken to be a basic energy scale of QFT in the ultraviolet (UV) region and µ is the
sliding energy scale set to be the physically interesting energy scale. The effective parameters
µ2U , λU , µ¯
2
U and λ¯U receive contributions from loops of the singlet fermion field and scalinon
field characterized by the terms proportional to the parameters ys and λs, respectively. The
contributions from the scaling and spinnic gauge fields are given by the terms proportional
to the parameters gw and gs or αS. cw, c
′
w, cs, c
′
s, c¯s and c¯
′
s represent the magnitudes of the
contributions. Their values do not affect our present general considerations as gw, gs and
αS are free parameters.
The purely quantum induced effective mass parameters µ2U and µ¯
2
U are attributed to
the loop quadratic contributions. The magnitude of µ2U and µ¯
2
U are characterized by the
ultraviolet (UV) basic energy scale MU and the sliding energy scale µ as well as the coupling
constants at a given energy scale µ. The quantum loop quadratic contributions have been
shown to play a crucial role for understanding the electroweak symmetry breaking and
hierarchy problem within the standard model of particle physics[29]. Similarly, with the
quantum induced positive mass parameter µ2U , µ¯
2
U > 0 with y
2
S, y¯
2
S > 0, we yield an unstable
potential which generates the inflation of early universe. For a positive effective coupling
parameter λU , λ¯U > 0, the effective potential for the scalinon field is spontaneously broken
down to an evolving minimal vacuum,
V 2S (MU/µ) = 〈(ϕ¯+ ϕ)2〉 =
µ2U + λsµ¯
2
U/λ¯U
2(λU − λ2s/λ¯U)
V¯ 2S (MU/µ) = 〈ϕ¯2〉 =
µ¯2U
2λ¯U
+
λs
λ¯U
V 2S (MU/µ) , (139)
which leads the inflationary universe to get end. One can always yield a solution to satisfy
such requirements as the couplings ys, λs, gs, gw and αS are all free parameters.
It is noticed that that the loop quadratic contribution causes the breaking of the global
scaling symmetry.The scalinon field not only behaves as a quantum field but also character-
izes the conformal size of universe. At the beginning of universe, all quantum fields must
have a high energy momentum at the UV basic energy scale MU , while the smallness of the
scalinon field characterized by the cosmological mass scale mκ indicates that a small varia-
tion of quantum fluctuation can cause a significant change for the scalinon field. Suppose
that the variation of quantum fluctuation is at the order of the cosmological mass scale mκ,
namely the sliding energy scale is away from the UV energy scale by a very small amount
with µκ ∼ MU −mκ, thus the eVEV will be stabilized around
VS ≡ VS(MU/µκ) = 1
(4π)
√
y2S + y¯
2
Sλs/λ¯U
λU − λ2s/λ¯U
√
2MUmκ +m2κ ,
V¯S ≡ V¯S(MU/µκ) = 1
(4π)
[
y¯2S
λ¯U
+ (
λs
λ¯U
)
y2S + y¯
2
Sλs/λ¯U
λU − λ2s/λ¯U
]1/2
√
2MUmκ +m2κ (140)
which determines the epoch when the inflationary universe gets end with the conformal scale
factor
a¯e = 〈a¯(x)〉 = V¯S
MS
=
mκ
αSMS
1
1− κˆ cηe = a¯0e
Hκcτe . (141)
In conclusion, it is the quantum effect of loop quadratic contribution that generates the
inflation of universe. A small variation of quantum fluctuation at the order of cosmological
mass scale leads the inflationary universe to end as the quantum effect causes the breaking
of global scaling symmetry and yields a nonzero eVEV of the background scalar potential.
We may refer such an inflation of the universe as the Quantum scalinon Inflation.
VIII. SPACE-TIME GAUGE FIELD WITH GOLDSTONE-LIKE GRAVIFIELD &
GRAVIMETRIC FIELD AND QUANTUM DYNAMICS OF SPACE-TIME
The quantum dynamics of Gravifield space-time is characterized by the quantized Grav-
ifield and conformal scalar field as well as spinnic and scaling gauge fields. To correlate the
quantum dynamics property between the Gravifield space-time and coordinate space-time,
it is useful to settle a special gauge condition via the Gravifield in such a way that the
spinnic gauge symmetry is transmuted into a hidden gauge symmetry.
A. Space-time Gauge Field with Goldstone-like Gravifield & Gravimetric Field
The quantum fields in the Unitary basis can be expressed in the Einstein-type basis by
making a scaling gauge transformation
χ aµ (x)→ aE(x)χ aµ (x) , φ(x)→ φ(x)/aE(x) , gwWµ(x)→ gwWµ(x)− ∂µ ln aE(x) .
As a consequence, the quantum fields get the following forms in the Einstein-type basis
χ aµ (x) = aE(x)[ η
a
µ + h
a
µ (x)/MW ] = (a¯(x) + ϕ(x)/MS)[ η
a
µ + h
a
µ (x)/MW ] ,
χˆ µa (x) ≡ a−1E (x)[ η µa − hˆ µa (x)/MW ] = (a¯(x) + ϕ(x)/MS)−1[ η aµ + h aµ (x)/MW ]−1 ,
χ(x) = detχ aµ (x) = a
4
E(x) = (a¯(x) + ϕ(x)/MS)
4 , φ(x) = MS ,
Ω
ab
µ (x) = χ˜
[ab]
µρ ω¯
ρ(x) + Ωabµ (x) , gsω¯µ(x) = ∂µ ln a¯(x) ,
Wµ(x) = w¯µ(x) + wµ(x) , w¯µ(x) = 0 . (142)
Here we shall omit the label “E” in all quantities for convenience.
Let us now construct a space-time gauge field through the Gravifield and spinnic gauge
field as follows
Γ
σ
µν(x) = χˆ
σ
a ▽µ χ aν = χˆ σa (∂µχ aν + gsΩaµbχ bν ) . (143)
Here the Gravifield appears as a Goldstone-like field that transmutes the local spinnic gauge
symmetry into the global Lorentz symmetry, so that the spinnic gauge symmetry becomes
a hidden symmetry. The gauge field Γσµν(x) is a Lorentz tensor field defined in the flat
Minkowski space-time. We now decompose the spinnic gauge field into two parts with the
following properties under the spinnic gauge transformation S(x) = eiαab(x)Σ
ab/2 ∈ SP (1, 3)
Ωabµ (x) = ω
ab
µ (x) + ω˜
ab
µ (x)
ωµ(x)→ ω′µ(x) = Sωµ(x)S−1 + S∂µS−1 , ωµ(x) = ωabµ (x)
1
2
Σab ,
ω˜µ(x)→ ω˜′µ(x) = Sω˜µ(x)S−1 , ω˜µ(x) = gsω˜abµ (x)
1
2
Σab . (144)
which divides the space-time gauge field Γσµν(x) into two gauge invariant parts
Γ
σ
µν(x) ≡ Γσµν(x) + Γ˜σµν(x) ,
Γσµν(x) ≡ χˆ σa (∂µχ aν + gsωaµbχ bν ) ,
Γ˜
σ
µν(x) ≡ gsχˆ σa ω˜aµbχ bν = −gs
1
2
ω˜µabχ˜
[ab]
νρ η
ρσ . (145)
From the above definition, it can be shown that Γ˜σµν(x) constitutes an antisymmetric part
of the space-time gauge field Γσµν(x) with the following relation
Γ˜
σ′
µν(x)χσ′σ = −Γ˜ν
′
µσ(x)χν′ν . (146)
By requiring Γσµν(x) to be a symmetric part Γ
σ
µν(x) = Γ
σ
νµ(x), we are able to show that the
spinnic gauge field ωabµ (x) is characterized purely by the Goldstone-like Gravifield χ
a
µ with
the following explicit form
gsω
ab
µ (x) = χˆ
aνχbµν − χˆbνχaµν − χˆaρχˆbσχcρσχµc , χaµν = ∂µχ aν − ∂νχ aµ . (147)
Taking such a pure gauge-like field for ωabµ (x), Γ
σ
µν(x) is found to be
Γσµν = Γ
σ
νµ =
1
2
χˆσλ[ ∂µχνλ + ∂νχµλ − ∂λχµν ] ,
χµν(x) = χ
a
µ (x)χ
b
ν (x)ηab , χˆ
µν(x) = χˆ µa (x)χˆ
ν
b (x)η
ab . (148)
Γσµν(x) is determined completely by the tensor field χµν(x) (or its inverse χˆ
µν(x)) to be a pure
gauge-like space-time gauge field. Where χµν(x) is regarded as a Goldstone-like Gravimetric
field of space-time with ten degrees of freedom.
Correspondingly, the field strength Rσµνρ can be decomposed into two parts
R
σ
µνρ = R
σ
µνρ + R˜
σ
µνρ ,
R σµνρ = ∂µΓ
σ
νρ − ∂νΓσµρ − ΓλµρΓσνλ + ΓλνρΓσµλ ,
R˜
σ
µνρ = ∇µΓ˜σνρ −∇ν Γ˜σµρ − Γ˜λµρΓ˜σνλ + Γ˜λνρΓ˜σµλ , (149)
with
∇µΓ˜σνρ = ∂µΓ˜σνρ − ΓλµρΓ˜σνλ + ΓσµλΓ˜λνρ . (150)
The field strength of the space-time gauge field is related to the field strength of the spinnic
gauge field as follows
gsR
ab
µν =
1
2
R
σ
µνρ χ˜
[ab]
σρ′ η
ρ′ρ =
1
2
(Rσµνρ + R˜
σ
µνρ) χ˜
[ab]
σρ′η
ρ′ρ . (151)
The field strength of Gravifield is found, in terms of the space-time gauge field, to be
Gaµν = ▽µχ aν −▽νχ aµ = ∂µχ aν − ∂νχ aµ + gs(Ωaµbχ bν − Ωaνbχ bµ )
= (Γσµν − Γσνµ)χ aσ = (Γ˜σµν − Γ˜σνµ)χ aσ ≡ Γ˜σ[µν] χ aσ . (152)
B. Quantum Dynamics of Space-time with Hidden Spinnic Gauge Symmetry
Transmuting the spinnic gauge symmetry in Gravifield space-time into a hidden gauge
symmetry and keeping the global Lorentz symmetry in the flat coordinate Minkowski space-
time, we are able to reformulate the action for the theory of quantum gravity in terms of
the space-time gauge field into the following general form
Sχ =
∫
d4xχ { 1
2
[ χˆµν(Ψ¯χµiDνΨ+ ψ¯χµi▽ν ψ) +H.c. ]− ysMSψ¯ψ + L′(x)
− 1
4
χˆµµ
′
χˆνν
′
[F IµνF Iµ′ν′ +WµνWµ′ν′ + g−2s RσµνρRσ
′
µ′ν′ρ′
1
2
(χσσ′ χˆ
ρρ′ − ηρσ′ηρ
′
σ ) ]
+ αWM
2
Sχˆ
µµ′ [
1
4
χˆνν
′
χσσ′ Γ˜
σ
[µν]Γ˜
σ′
[µ′ν′] +
1
2
(3 +
1
αW
)g2wwµwµ′ ]
− 1
4
χˆµµ
′
χˆνν
′
(χσσ′ χˆ
ρρ′ − ηρσηρ
′
σ′ )ω¯ρω¯ρ′Γ˜
σ
[µν]Γ˜
σ′
[µ′ν′]
+ αEM
2
S( 1− χˆρσω¯ρω¯σ/αEM2S )R− λsM4S
+ g−1s (▽σ′ω¯σ − gsω¯σ′ω¯σ )χˆµσ
′
( χˆνρRσµνρ + χˆ
νσ
Rµν )
+ g−1s
1
2
(χσσ′ χˆ
ρρ′ − ηρσηρ
′
σ′)χˆ
µµ′χˆνν
′
R
σ
µνρΓ˜
σ′
[µ′ν′]ω¯ρ′ − χˆµµ
′
χˆνν
′
Γ˜
σ
[µν]ω¯µ′ ▽ν′ ω¯σ
+ 6αEgsM
2
S( χˆ
µν ▽µ ω¯ν + gsχˆµν ω¯µω¯ν )− 3g2s( χˆµνω¯µω¯ν)2
− 2χˆµµ′ χˆνν′(▽µω¯ν)(▽µ′ω¯ν′)− (χˆµν ▽µ ω¯ν)2
+ 2gsχˆ
µν∂µ(χˆ
ρσω¯ρω¯σ)ω¯ν − 4gsχˆµν(▽µω¯ν) χˆρσω¯ρω¯σ } (153)
with the definitions
▽µω¯ν ≡ ∂µω¯ν − Γσµνω¯σ , R = χˆµνRµν = R + R˜ ,
Γ
σ
µν(x) ≡ Γσµν(x) + Γ˜σµν(x) , Rσµνρ ≡ Rσµνρ + R˜σµνρ . (154)
Where we have defined the rank-2 tensor field strength Rµν as
Rµν ≡ −R σρµνηρσ = R σµσν = Rµν + R˜µν ,
Rµν = ∂µΓ
σ
σν − ∂σΓσµν − ΓλµνΓσσλ + ΓσµλΓλνσ = Rνµ , Γσσν = ∂ν lnχ ,
R˜µν = ∇µΓ˜σσν −∇σΓ˜σµν − Γ˜λµν Γ˜σσλ + Γ˜λσν Γ˜σµλ , Γ˜σσν ≡ Γ˜ν =
1
2
χνaχˆ
σ
b gsω˜
ab
σ . (155)
In the above action with hidden spinnic and scaling gauge symmetry and global Lorentz and
scaling invariance, the singlet fermion ψ(x), the scaling gauge field wµ(x) and the space-time
gauge field Γ˜σ[µν] become massive in the Einstein-type basis after gauge symmetry breaking.
The bosonic gravitational interactions are described by the Goldstone-like Gravimetric field
χµν(x) and the antisymmetric space-time gauge field Γ˜
σ
µν .
It is seen that only the term given by the scalar tensor field strength R characterizes
the Einstein theory of general relativity. Obviously, Einstein theory of general relativity is
expected as an effective low energy theory by integrating the high energy contributions into
the renormalized coupling constants and quantum fields.
C. Gravity Equation Beyond Einstein’s Equation of General Relativity
In terms of the hidden gauge formalism, the gravity equation Eq.(81) can be written as
▽ρ G ρµν = Tµν , G ρµν = G ρσµ χσν , Tµν = T σµ χσν (156)
with the definition for the gauge invariant covariant derivative
▽ρG ρµν = (∂ρ − gwWρ)G ρµν − ΓσρµG ρσν − ΓσρνG ρµσ − Γ˜ σρµG ρσν ,
Γ σµν(x) = χˆ
σ
a ▽µ χ aν = χˆ σa (∂µχ aν + gsΩaµbχ bν ) = Γσµν(x) + Γ˜ σµν(x) ,
Γσµν(x) ≡ χˆ σa (∂µχ aν + gsωaµbχ bν ) , Γ˜ σµν(x) ≡ gsχˆ σa Ω˜aµbχ bν . (157)
where the spinnic gauge field Ωabµ is the whole gauge field including the background field and
decomposed into two parts Ωabµ = ω
ab
µ + Ω˜
ab
µ .
By comparing the symmetric part and antisymmetric part of the gravity equation in
Eq.(156)
T Gµν ≡ ▽ρG ρµν = T Gµν + T G[µν] , Tµν ≡ Gµν + Tµν + T[µν] ,
we arrive at two types of gravity equation,
Gµν = −Tµν + T Gµν , (158)
T G[µν] = T[µν] , (159)
where the first gravity equation is the extension to the Einstein’s equation of general rela-
tivity,
2αEM
2
Sχ [Rµν −
1
2
χµν R ]
= −[χµνT S + T Fµν − χµνT F + TRµν −
1
2
χµνT
R + TGµν −
1
4
χµνT
G] + TWµν − χµνTW
+αWM
2
Sχ
1
2
[ χˆρσ(Γ˜ αρµΓ˜[σνα] + Γ˜
α
ρν Γ˜[σµα])− gw(Γ˜ σσµWν + Γ˜ σσνWµ) ] , (160)
and the second equation is a new type of gravitational equation
2χαEM
2
S (R˜µν − R˜νµ) + χαWM2S [ χˆρσ(▽ρΓ˜[µσν] −▽ρΓ˜[νσµ]) + gw(Γ˜ σσµWν − Γ˜ σσνWµ) ]
= −1
2
χ[ iΨ¯(γµDν − γνDµ)Ψ + iψ¯(γµ▽ν −γν▽µ)ψ +H.c. ]− χαWM2SgwWµν , (161)
which characterizes the twisting dynamics of spinnon. In above equations, we have used the
following definitions
T S = χysMSψ¯ψ + χλsM
4
S ,
T Fµν =
1
4
χ[ iΨ¯(γµDν + γνDµ)Ψ + iψ¯(γµ▽ν +γν▽µ)ψ +H.c. ] ,
TRµν = χαEM
2
S (R˜µν + R˜νµ) + χM2Sg2wWµWν ,
TGµν = −χχˆρσ[F IµρF Iνσ +WµρWνσ + g−2s RαµρβRα
′
νσβ′
1
2
(χαα′χˆ
ββ′ − ηαβ′ηα′β) ]
+ χαWM
2
S[ χˆ
ρσΓ˜ α[µρ]Γ˜[νσα] + 2g
2
wWµWν ] ,
T F = T Fµν χˆ
µν , TR = TRµν χˆ
µν , TG = TGµν χˆ
µν , Γ˜[νσα] ≡ Γ˜ β[νσ]χβα , (162)
and
TWµν = αWM
2
Sgwχ
1
2
(▽µWν +▽νWµ) , TW = χˆµνTWµν ,
▽µWν = (∂µ − gwWµ)Wν − ΓρµνWρ , Wµν = ∂µWν − ∂νWµ ,
▽ρΓ˜[νσµ] = (∂ρ − gwWρ)Γ˜[νσµ] − Γαρν Γ˜[ασµ] − ΓαρσΓ˜[ναµ] − ΓαρµΓ˜[νσα] − Γ˜ αρµΓ˜[νσα] (163)
In comparison with the Einstein theory of general relativity, the combination of coupling
parameter and scaling mass scale is fixed to be
2αEM
2
S =
1
8πG
=
1
8π
M2P (164)
with MP the Planck mass.
IX. CONCLUDING REMARKS
Some underlying principles alternative to the Einstein’s general coordinate invariance
have been proposed to establish the theory of quantum gravity. The main principle beyond
Einstein’s principle is that: theory of quantum gravity must be expressed to be coordinate
independence and gauge invariance in Gravifield space-time. A bi-frame space-time has been
initiated to describe the laws of nature. One frame space-time is the coordinate space-time
depicted by the globally flat Minkowski space-time that acts as an inertial reference frame
for the motions of fields, the other is the non-coordinate space-time characterized by the
locally flat Gravifield space-time that functions as an interaction representation frame for
the degrees of freedom of fields. This enables us to present a QFT description for the gravity
by treating the gravitational force on the same footing as the electroweak and strong forces.
When transmuting the Gravifield basis in Gravifield space-time into the coordinate ba-
sis in Minkowski space-time, we have obtained equations of motion for all quantum fields
and derived basic conservation laws for all symmetries. The gravity equation alternative to
Einstein equation of gravity has heen shown to be governed by the total energy-momentum
tensor defined in the flat Minkowski space-time. The spinnic and scaling gauge symmetry
breaking has been proposed to obtain a Lorentz invariant background Gravifield space-time.
The exact solution for the background fields has been yielded to form a conformally flat
Minkowski space-time as the background Gravifield space-time. The background Gravifield
space-time has been shown to be characterized by a cosmic vector with a nonzero cosmo-
logical mass scale. In terms of the conformal proper time, such a background Gravifield
space-time has a cosmological horizon that can only be reached in an infinitely large cosmic
proper time and leads to a solution of inflationary universe. In the quantized gravitational
interactions, we have demonstrate that massless graviton and massive spinnon are the phys-
ical degrees of freedom when the spinnic and scaling gauge symmetries are broken down to a
background structure. It has been seen that there exist rich gravitational interactions with
the background fields. The quantum effect has been shown to play a significant role on the
inflation of the universe. In fact, it is the quantum loop quadratic contributions that cause
the breaking of global scaling symmetry and generate the inflation of early universe. The in-
flationary universe gets end when the evolving vacuum expectation value of the background
scalar potential approaches to a global minimal.
The Gravifield behaves as a Goldstone-like field that transmutes the local spinnic gauge
symmetry into the global Lorentz symmetry, which makes the spinnic gauge field becomes a
hidden gauge field. The bosonic gravitational interactions have been shown to be character-
ized by the Goldstone-like Gravimetric field and space-time gauge field, while the fermionic
gravitational interactions must remain to be described by the Gravifield. The Einstein the-
ory of general relativity has been shown to be an effective low energy theory, its effect on
the gauge couplings have been studied in Ref.[30], which leads to a power law running. We
have demonstrated that there are in general two types of gravity equation, one is the exten-
sion to the Einstein’s equation of general relativity that describes the dynamics of graviton
and space-time, and the other is a new type of gravitational equation that characterizes the
dynamics of spinnon and twisting effect.
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